A 44-year-old male who suffered a crush-degloving hand injury complicated by Complex Regional Pain Syndrome (CRPS) type I was scheduled for operative hand manipulation and inpatient physiotherapy. Preoperative placement of an ultrasound-guided infraclavicular catheter provided incomplete analgesia requiring supplemental morphine during physiotherapy sessions despite continuous infusion of 0.1% bupivacaine at 20 mL/hour. Due to the patient's adamant refusal of replacement of the infraclavicular catheter, a second ultrasound-guided median nerve catheter was placed distally at the mid-forearm level and elicited complete sensory blockade of the hand. Dual infusions were maintained with 0.25% bupivacaine at 5 mL/hour through the median nerve catheter and 0.1% bupivacaine at 20 mL/hour through the infraclavicular catheter, and subsequent daily physiotherapy progressed productively. Continuous perineural catheter use to facilitate rehabilitation is an emerging practice that may improve overall recovery. Combination catheters, infusing local anesthetics at separate locations, can be used synergistically to preserve motor function and reach a superior analgesic endpoint.
Introduction
This medically challenging case is the first report in the literature describing the use of combined infraclavicular and distal mid-forearm median nerve catheters to provide analgesia specifically with the goal of enabling physiotherapy in a patient who has failed hand rehabilitation as a result of uncontrollable pain due to CRPS type I.
Sensory blockade of an injured hand, with preservation of motor function, is ideal during hand therapy; however, this goal may be elusive. The effect of local anesthetic concentration and total volume on nerve blockade is complex and may vary with concentration, total dose, and location. In this case, each catheter was infused with different concentrations of local anesthetic to achieve specific treatment goals. The "failed" brachial plexus catheter was re-purposed to provide generalized analgesia for the injured limb via the infraclavicular route, and in the most painful area of the hand, a denser block was obtained via addition of the median nerve catheter [1] .
Case Presentation
A 44-year-old male (190 cm, 93 kg, ASA 1) suffered a crush-degloving injury to his dominant hand requiring extensive emergency surgery at an outside hospital. The neurovascular and tendon structures were surgically repaired without complication. Early rehabilitation was initiated but progressively declined due to the development of CRPS type I in the first five months post repair. His symptoms included severe resting hyperalgesia and allodynia in his hand and wrist with spread to his upper arm as well as dermatological changes such as swelling, erythema, and hyperthermia.
At post-operative week 8, passive range of motion was limited to 15-degree flexion at the metacarpal and proximal inter-phalangeal joints secondary to pain and dense scar tissue. At 22 weeks post-injury, he was readmitted for operative digital manipulation and five days of inpatient occupational therapy.
Pre/Intraoperative Course
Intraoperative digital manipulation was preceded by uneventful infraclavicular brachial plexus peripheral nerve catheter placement using an in-plane technique under continuous ultrasound-guidance (linear 12 MHz transducer, GE Healthcare, Wauwatosa, WI). A 20-gauge Arrow StimuCath catheter was placed through an 18-gauge insulated block needle. Twenty mL of 0.5% bupivacaine administered through both the needle and catheter resulted in partial but incomplete brachial plexus blockade. At this time, the patient described pain relief throughout his limb at rest only. Physical manipulation of the hand and wrist elicited pain; however, it was improved from the patient's baseline pain level. Because of elevated patient anxiety due to claustrophobia resulting from sterile drape placement, his refusal of further catheter testing, and his refusal of catheter replacement, operative hand manipulation was performed under combined nerve block and general anesthesia. Infusion of 10 mL/hour of 0.1% bupivacaine through the catheter was initiated in the recovery room, and the patient was comfortable until early on post-operative day (POD) 1.
Postoperative Course
On POD 1, intravenous morphine 53 mg/24 hours and continuous infusion of 20 mL/hour of 0.1% bupivacaine administered through the infraclavicular catheter allowed the patient to participate in physiotherapy with a pain Numerical Rating Score (NRS) of 6/10. Pain persisted in the medial aspect of his forearm and diffusely throughout his hand.
On POD 2, despite intravenous morphine 93 mg/24 hours and continuous 0.1% bupivacaine infusion at 20 mL/hour, the patient refused physiotherapy. He then presented to us in the pre-operative area for catheter replacement.
On evaluation, administration of 10 mL of 2% lidocaine with epinephrine (1:400,000) through the infraclavicular catheter resulted in improved pain relief; yet, the patient continued with aggressive hand guarding. Despite difficulty in assessment due to patient anxiety and reluctance to participate in sensory testing, it appeared that the focus of pain was primarily across the palmar crease and proximal palmar surface of the hand. Although the palmar crease has the potential to have shared nerve innervation, it seemed that the infraclavicular catheter least covered the median nerve territory. As a result of his claustrophobia and apprehension regarding placement of the sterile draping near his face, the patient adamantly refused replacement of the infraclavicular catheter. We opted to place a second catheter to specifically anesthetize the median nerve, thus providing a less anxiety pro-voking environment for the patient as well as specifically targeting sensation without disturbing motor function. Using the same ultrasound machine, the forearm was scanned to visualize the median nerve, and a catheter was placed at the mid-forearm level [2] . See Figure 1 and Figure 2 . A lateral-to-medial approach was used with in-plane, real-time ultrasound guidance to place the distal median nerve catheter after the AIN branch point. a. AIN: anterior interosseous nerve.
Five mL of 2% lidocaine with epinephrine (1:400,000), administered through the median nerve catheter, provided an aggregate complete sensory blockade of the hand. The patient was able to actively and passively manipulate his hand, pain-free, within 15 minutes. Using a second pump, an infusion of 5 mL/hour of 0.25% bupivacaine was initiated. The infraclavicular catheter infusion was continued at 20 mL/hour of 0.1% bupivacaine. See Figure 3 .
On POD 3 through POD 5, the patient consistently reported an NRS score of 0/10 and enthusiastically participated in multiple daily physiotherapy sessions. He required minimal opioids. See Figure 4 and Table 1 . On POD 5, he actively achieved 30-degree flexion and improved extension of all five digits. He was discharged for outpatient physical therapy on POD 6.
Discussion
We present a medically challenging case reporting the first use of combined infraclavicular and distal median peripheral nerve catheters to allow for intraoperative digital manipulation and rehabilitation of a severely injured and painful hand. With a favorable risk/benefit profile, single-shot regional blocks provide nearly perfect pain control for up to 24 hours and are routinely used for many surgeries, including upper extremity and hand procedures [3] . For rehabilitation cases, however, peripheral nerve catheters may be preferred as they can extend analgesia for the life of the catheter and allow local anesthetic dose adjustments. This case report illustrates a surgical rehabilitation treatment strategy contingent on adequate catheter functioning.
For our patient, the infraclavicular catheter alone relieved pain only at rest. By the end of POD 1, attempts at hand mobilization, both passive and active, resulted in high pain scores and participation dropout. Infraclavicular catheter evaluation revealed a relatively functional catheter with apparent sparing of the median nerve. Distal nerve branch sparing such as this is not uncommon and, as was true here, may disrupt rehabilitation plans and cause both emotional and physical stress for the patient. Due to his high level of anxiety, claustrophobia, and partial but incomplete pain relief, our patient adamantly refused replacement of the infraclavicular catheter but was amenable to the placement of a second, more distal catheter, which he considered to be a less stressful alternative. Accordingly, a dilute local anesthetic infusion was continued through the first catheter and a second peripheral nerve catheter was placed to target the distal median nerve.
The goal of the second catheter was to provide adequately dense sensory blockade while preserving motor function, thus allowing for active participation in rehabilitation exercises. For the median nerve, selective sensory blockade may be achieved with catheter placement distal to the branching point of the anterior interosseous nerve (AIN), which is responsible for innervation of the 2.5 muscles (flexor pollicus longus (FPL), pronator quadratus, and the radial portion of the flexor digitorum profundus (FDP)) of the deep anterior compartment of the forearm. Normally, the AIN branches from the median nerve within the proximal 1/3 of the forearm [4] - [6] .
Ultrasound was used to locate the median nerve at the mid-forearm level. This site was chosen to ensure that the catheter would be placed adequately distal to the branching point of the AIN (to minimize potential motor blockade due to retrograde flow of local anesthetic to the AIN) but before the palmar cutaneous branch of the median nerve [7] . The nerve was identified between the FPL and FDP muscles, adjacent to the palmaris longus tendon. The palmaris longus tendon can be differentiated from the median nerve by having the patient flex his/her wrist, resulting in movement of the tendon but not the nerve [5] [6] .
After dual catheter placement, the hand surgeon and physical therapists noted excellent analgesia exemplified by reduced intravenous morphine consumption from 146 mg over 48 hours pre-addition of the median nerve catheter to 6 mg over the subsequent 96 hours. This allowed the patient to comfortably and successfully meet his in-house physical therapy metrics. A plan for repeat inpatient rehabilitation for our patient is currently underway.
Although there are case reports of end-branch peripheral nerve catheter use for hand surgeries and rehabilitation and some reports of multiple catheter use, to our knowledge, this is a novel use of two simultaneous catheters administering different local anesthetic solutions to achieve successful, multi-day hand physiotherapy [7] . Surprisingly, there are few reports of forearm peripheral nerve catheters placed under ultrasound-guidance. We support the use of ultrasound for its ease in aiding in rapid definition of the anatomy, ability to increase accuracy in deposition of local anesthetic, and capacity to allow for close approximation of the catheter to the nerve, permitting the use of low-volume, dilute local anesthetic solution to decrease the risk of neurotoxicity as well as local anesthetic systemic toxicity (LAST).
Selective sensory blockade can be applied to ulnar and radial nerve catheters as well. Blocking the ulnar nerve distal to the motor branches which supply the flexor carpi ulnaris and the ulnar half of the FDP but proximal to the palmar and dorsal branches of the ulnar nerve allows for selective sensory blockade. Selective blocking of the sensory component of the radial nerve can be done near the wrist, as the deep branch of the radial nerve, which innervates the muscles of the forearm and hand, separates in the distal forearm [8] .
Dual catheter therapy should be considered when proximal peripheral nerve catheters have unintentional distal nerve sparing or when disparate sensory blockade densities are needed. Targeted second catheter augmentation may be an effective and easy solution.
Notably, the use of multiple peripheral nerve catheters presents a unique situation in which certain risks of regional anesthesia should be highlighted. Of these, LAST remains the most feared complication of regional anesthesia. For our patient, the use of a dilute solution of local anesthetic through the infraclavicular catheter was employed to decrease the risk of reaching toxic systemic bupivacaine levels from two separate local anesthetic infusions. We advocate patient-specific dose adjustments, heightened vigilance, and prompt treatment at the earliest signs of systemic toxicity in alignment with the LAST treatment algorithm [9] .
Peripheral nerve injury is another rare complication of regional anesthesia, with an incidence estimated to be <1.0%. Permanent injury is even rarer, with an incidence of 0.01%. In theory, placement of a second catheter into a region of a partially blocked extremity could have resulted in nerve damage; however, our patient had intact sensation over the median nerve distribution, thus providing reassurance in our decision to place the second median nerve catheter. Our patient voiced his understanding of the possible risks associated with placement of a second, more distal catheter, and he was willing to accept the theoretical and small risk of nerve damage to avoid a claustrophobic, anxiety-provoking situation in which a sterile drape was placed near his face. He strongly supported an intervention that could facilitate successful physiotherapy and improved rehabilitation outcome. In addition, our use of ultrasound for catheter placement may have increased the overall safety of the procedure; however, at this time, there are no trials that can definitely support this statement [9] .
Conclusion
In conclusion, the use of continuous peripheral nerve catheters for enablement of physical therapy and rehabilitation is an emerging practice. Selective sensory blockade may be the preferable catheter-related outcome by both patient and physical therapy standards and can be obtained with distal placement of specific nerve catheters. Combination catheters, infusing different local anesthetic solutions at separate locations, can be used synergistically to reach a superior endpoint.
